Abstract: Seven cadinane sesquiterpenoids, named boreovibrins A-G (1-7), three dihydrobenzofurans (8-10), and two lactones (11 and 12), together with one known compound (13), were isolated from cultures of the basidiomycete Boreostereum vibrans. The new structures were elucidated by means of spectroscopic methods. Compounds 5, 6, and 11 showed weak inhibitory activities against isozymes of 11β-hydroxysteroid dehydrogenases (11β-HSD).
Introduction
Boreostereum vibrans is entitled as one of talent strains due to the discovery of a series of vibralactone derivatives. [1] [2] [3] [4] Of them, vibralactone showed significant inhibitory activity against pancreatic lipase with an IC 50 value of 0.4 μg/mL, 1 and its total synthesis has also been achieved. 5 Vibralactone was also used as a tool to study the activity and structure of the CIpP1P2 complex from Listeria monocytogenes. 6 Currently, our chemical study on the little modified cultivation conditions of the same source has led to the isolation of several different types of compounds, including seven new cadinane sesquiterpenoids, boreovibrins A-G (1-7), three new dihydrobenzofurans (8) (9) (10) , and two new lactones (11 and 12) . Their structures were established by extensive spectroscopic data analysis. Meanwhile, a known compound was identified as 5-(1′′,2′′-dihydroxypropyl)-2-isopropenyl-2,3-dihydrobenzofuran (13) by comparison with data in the literature. 7 Compounds 2, 3, 6, 8, 10, and 13 were evaluated for their cytotoxicities against five human cancer cell lines. The inhibitory effects of all the compounds on isozymes of 11β-hydroxysteroid dehydrogenases which catalyze the interconversion of active cortisol and inactive cortisone were also investigated.
Results and Discussion
Compound 1, a colorless oil, showed a molecular ion peak in the HREIMS at m/z 252.1729 [M] + , analyzing for C 15 H 24 O 3 with four degrees of unsaturation. The IR spectrum showed absorption bands attributable to hydroxy (3431 cm -1 ) and carboxyl (1707 cm -1 ) groups. The 13 C NMR spectrum displayed 15 carbon signals for a carboxyl carbon, a trisubstituted double bond, an oxygenated sp 3 quaternary carbon, four methylenes, four methines, and three methyls (Table 1) . Beyond two degrees of unsaturation occupied by one double bond and a carboxyl carbon, compound 1 was required to possess a bicyclic system. In the 1 H- 1 H COSY spectrum, a long chain was established as shown in Figure 1 . In addition, preliminary analyses of HMBC correlations suggested that compound 1 was a cadinane sesquiterpenoid closely related to δ-cadinol. 8 Further analyses of 2D NMR data *To whom correspondence should be addressed. E-mail: jkliu@mail.kib.ac.cn indicated the difference was that the methyl of C-12 in δ-cadinol was oxygenated to a carboxyl group at δ C 179.4 (s, C-12) in 1 on the basis of HMBC correlation of δ H 1.15 (3H, d, J = 7.1 Hz, H-13) and 2.81 (1H, m, H-11) to C-12, as well as the requirement of MS data. The relative configuration of 1 was elucidated by the ROESY experiment. In which, the correlation of H-1/H-6/H-15 indicated that they were in the same side, while the correlation of H-11/H-6 allowed H-7 to be in the opposite side ( Figure 1 ). The absolute configuration of C-11 was determined by comparison with 13 C NMR data of Me-13 with analogues reported in the literature, 9 in which the 13 C NMR shift of Me-13 from δ C 8.0 to 10.0 suggested the S form of C-11, while from δ C 13.0 to 16.0 for R. 9 In compound 1, the 13 C NMR shift of C-13 at δ C 14.9 indicated the R form of C-11. Therefore, compound 1 was established to be boreovibrin A, as shown.
Compound 2 possessed the same molecular formula as that of 1, while the IR and NMR data (Tables 1 and 2) were also closely related to those of 1. Analyses of 2D NMR data still suggested that compound 2 had the same planar structure to that of 1. However, the 13 C NMR data for C-13 between the two compounds were quite different as shown in Table 1 , which indicated that the absolute configuration of C-11 in 2 should be S. 9 The ROESY correlations of H-1/H-6/H-15 and H-11/H-6 also elucidated the relative configuration of these chiral carbons to be the same with those of 1. Thus, compound 2 was approved as boreovibrin B, as shown.
Compound 3 was isolated as a colorless oil. Its molecular formula C 17 H 26 O 5 was determined by the HRESIMS at m/z 333.1672 [M + Na] + . The NMR data (Tables 1 and 2) were very similar to those of 2 except for the methyl of C-14 in 2 was oxygenated to a hydroxymethylene (δ C 68.2, t) in 3 as indicated by the HMBC correlation of δ H 4.46 (2H, br. s, H-14) with C-4. In addition, the acetoxylation of the hydroxymethylene was established by the HMBC correlation from δ H 4.46 (br. s, H-14) to δ C 171.3 (s, OAc). Analysis of the ROESY spectrum and the comparison of 13 C NMR data of C-13 established the stereoconfiguration of 3 the same as that of 2. Hence, compound 3 was identified as boreovibrin C. (Tables 1 and 2 ) similar to those of 3. However, the existence of an oxygenated sp 3 quaternary carbon at δ C 81.0 (s) in 5 indicated the key difference between them. The HMBC correlations from H-1, H-5, and H-7 to δ C 81.0 (s) assigned the oxygenated sp 3 quaternary carbon to be C-6. By comparison of 13 C NMR data with reported in the literature, 10 as well as the analysis of MS data, compound 5 was suggested to possess a γ-lactone ring as constructed by C-6, C-7, C-11, and C-12. The ROESY correlation observed between H-7 and Me-13 (not observed between H-7 and H-11) not only supported the γ-lactone ring as deduced above but also elucidated the relative configuration of Me-13 to be the same side with H-7. Detailed analysis of other 2D NMR data suggested that the other parts were the same to those of 3. Therefore, compound 5 was established as boreovibrin E. (Tables 1 and 2 ) of 6 showed similar patterns to those of 3. However, the lost of the carboxyl carbon in 3 and the presence of an oxymethylene signal (δ C 69.1, t) in 6 indicated the modification of C-12, which was supported by the HMBC correlation of H-11 to C-12, as well as the 1 H-1 H COSY cross peak between δ H 2.10 (1H, m, H-11) and 3.93 (2H, d, J = 7.2 Hz, H-12). In addition, an additional acetoxy group was connected to C-12 as indicated by the HMBC ) and carbonyl (1736 cm -1 ) groups. In the 13 C NMR spectrum (Table 1) , one acetoxy group was readily identified. Besides, the other fifteen carbons indicated that compound 7 was still a cadinane sesquiterpenoid and displayed some similar patterns to those of 3. The 1 H-1 H COSY spectrum displayed two fragments as shown in figure 1, from which a hydroxy substituted carbon assigned as C-8 (δ C 71.1, d) and an isopropyl connected to C-7 were established. In addition, an oxygenated sp 3 quaternary carbon at δ C 72.4 (s) was assigned as C-1 on the basis of HMBC correlations from H-2, H-6, and H-10 to C-1 ( Figure 1 ). Further analysis of HMBC spectrum indicated that the other parts of 7 were the same as those of 3. The ROESY correlations of H-6/H-15/H-8 and H-6/H-11 indicated H-6 and H-8 in the same side, while H-7 and H-10 in the opposite side. Furthermore, the ROESY correlations of H-10/H-2b and H-2a/H-6 allowed the OH at C-1 to be the same side with C-15. Thus, compound 7 was established as boreovibrin G, as shown.
Compound 8 was obtained as a colorless oil with the molecular formula of C 14 (Table 3 ), the signals of δ H 7.19 (1H, s, H-4), 7.14 (1H, d, J = 8.1 Hz, H-6), and 6.79 (1H, d, J = 8.1 Hz, H-7) are typical for a 1,2,4-trisubstituted benzene ring. An acetoxy group was identified to be connected to an oxymethylene (δ C 66.4, t, C-1′′) at C-5 (δ C 128.4, s) on the basis of HMBC correlations. In addition to these carbons, the 13 C NMR spectrum displayed other five carbon resonances ascribable for a terminal double bond, two methylenes (one oxygenated), and one oxygenated methine (Table 3) , which were likely to assemble an isopentyl group. All these data indicated that the structure of 8 was closely related to that of 5-hydroxymethyl-2-isopropenyl-2,3-dihydrobenzofuran. 11 The key difference was the additional acetyl (δ C 170.5, s) and hydroxymethyl (δ C 63.6, t, C-2′) groups in 8. This assignment was confirmed by the HMBC correlations of H-3′/C-2′, and of to H-1′′/δ C 170.5 (s, OAc). Detailed analysis of the 2D NMR data indicated the other parts of 8 to be the same as those of 5-hydroxymethyl-2-isopropenyl-2,3-dihydrobenzofuran, 11 while the similarity of specific rotations between 8 ( Compounds 2, 3, 6, 8, 10, and 13 were evaluated for their cytotoxicity against five human cancer cell lines using the MTT method as reported previously. 12 Unfortunately, no compound showed significant activity (IC 50 values > 8 μM). In addition, the inhibitory effects of all the compounds on human and mouse 11β-HSD1 were also investigated. As a result, boreovibrin F (6) showed moderate inhibitory activities against 11β-HSD1 (human IC 50 = 46.7 μM; mouse IC 50 = 66.4 μM), while boreovibrin E (5) and 6-methyl-5-(10-oxymethylenes-isobutylene)-lactone (11) showed weak activities (46.8% and 41.6% inhibitions at 1.0 μM, respectively) against human 11β-HSD1. Experimental Section General Experimental Procedures. Optical rotations (OR) were recorded on a Jasco P-1020 digital polarimeter. UV data were obtained on a Shimadzu UV-2401A spectrophotometer. Infrared spectroscopy (IR) spectra were obtained on a Bruker Tensor 27 FT-IR spectrometer with KBr pellets. Nuclear Magnetic Resonance (NMR) spectra were obtained on Bruker AV-400 and DRX-500 instruments, and a Bruker Avance III 600 MHz spectrometer with tetramethylsilane (TMS) as an internal standard at room temperature. Mass spectra were recorded on a VG Autospec-3000 mass spectrometer and an API QSTAR Pulsar I spectrometer. Silica gel ( 
